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Abstract 
Liquid argon time projection chamber (LArTPC) is a unique technology well suited for large scale detectors of 
neutrinos and other rare processes.  Its combination of millimeter scale 3D precision particle tracking and calorimetry 
with good dE/dx resolution provide excellent efficiency of particle identification and background rejection.   
MicroBooNE is a LArTPC about to enter its final design phase and is scheduled for construction in 2012.  Its active 
volume contains 86 ton of LAr.  It has a 2.6m drift distance, 8256 sense wires connected to cold CMOS analog front-
end electronics.  Most of the TPC design features improve upon existing tried and true techniques.    
The LAr40 is one of the two far detector options under consideration for the Long Baseline Neutrino Experiment 
(LBNE).  Its conceptual design has 40 kton active liquid argon mass, to be installed underground at a moderate depth.  
Due to its large scale, and underground siting, great emphasis was placed on the detector cost and reliability.  A 
modular TPC design is the key to achieve these goals.  The LAr40 consists of two 20 kton detectors in one 
underground cavern.  Each detector is in turn constructed from an array of TPC modules.  Innovative concepts enable 
the modules to be tiled with minimal dead space. 
An overview of both detectors is presented.  The designs of key elements in these two TPCs are described in detail. 
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1. Introduction 
Liquid argon time projection chamber (LArTPC) is a unique technology well suited for large scale 
detectors of neutrinos and other rare processes. Its combination of millimeter scale 3D precision particle 
tracking and calorimetry with good dE/dx resolution provide excellent efficiency of particle identification 
and background rejection. R&D efforts in Europe, Japan and the United States in recent years have 
resulted in underground detector concepts with LAr mass in the tens to a hundred kilotons [1].  
The concept of LArTPC with projective wire readout was introduced in the late 1970s [2], and was 
successfully demonstrated as a complete detector system at about half a kiloton scale by the ICARUS 
collaboration [3]. With detectors of this scale (<1kton of LAr), it is still possible to place readout 
electronics outside of the cryostat, albeit at the expense of a much higher readout noise from the added 
capacitance of cables and feedthroughs connecting the sense wires to the front-end electronics. The much 
larger next generation detectors require a different approach to the readout [4], as well as to the overall 
detector design. 
MicroBooNE [5] is the first large LArTPC (~100ton scale) project in the U.S. high energy physics 
program.  The experiment has two primary scientific objectives: 1) to resolve the source of the 
MiniBooNE low energy excess, and 2) to measure a suite of neutrino cross sections. MicroBooNE will 
also serve as a test bed for LArTPC technologies leading to the next generation very large detectors. 
The LAr40 [6] is one of the two far detector options under consideration for the Long Baseline 
Neutrino Experiment (LBNE). The main goals of the LBNE are neutrino oscillation physics, proton decay 
search, and supernova neutrino measurement.  Its conceptual design has 40 kton active liquid argon mass, 
to be installed underground at a moderate depth. 
2. Design of the MicroBooNE TPC 
The MicroBooNE experiment is located on-axis from the Booster Neutrino Beam (BNB), and off-axis 
from the NuMI Beam at Fermilab.  Since its goals include a mix of neutrino physics and LArTPC 
technology development, the detector design combines the proven techniques of existing LArTPCs, as 
well as innovative features suitable for the future larger detectors. 
The MicroBooNE cryostat is a single wall cylindrical stainless steel 304 vessel with a 3.86m OD and 
12.2m length. The cryostat is insulated with 16” of spray-on polyurethane foam, with a calculated heat 
leak of about 11W/m2. The cryogenic system uses stored liquid nitrogen to provide cooling to the liquid 
argon. Two cryogenic pumps circulate the liquid argon through two filters to reach a volume change per 
day. Each filter contains molecular sieves for water removal and activated copper material for oxygen 
removal. Purity monitors are installed inside the cryostat to continuously monitor the electron 
lifetime/purity of the liquid argon. Since part of the development goal of the project is to develop 
techniques scalable to very large LArTPCs, the cryostat will not be evacuated. Instead, it will be purged 
using argon gas until a certain level purity has been reached [7]. 
Charged particles passing through liquid argon produce scintillation light with a narrow band width 
centered on 128nm. These photons provide convenient timing markers for the particle tracks. 
MicroBooNE uses the light signal to gate the beam trigger to reduce the recorded data volume. The light 
signal also provides a t0 for the TPC for a supernova neutrino event. The light collection system is located 
to the left side of the cryostat in fig.1.  30 8-inch PMTs are submerged in liquid argon, looking into the 
active TPC volume through the wire planes. In front of each PMT is an acrylic plate coated with a 
wavelength shifter tetraphenyl butadiene (TPB) layer to make the system sensitive to the argon 
scintillation light.  
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The TPC is centered inside the cryostat. Its active volume span 10.3m in the beam direction, 2.3m in 
height, and a 2.6m drift distance. As shown in fig. 1, it has a wire frame on the left, which holds 3 planes 
of sense wires.  A solid cathode plane is on the right with a bias voltage of -128kV.  A field cage, made of 
1” OD stainless steel tubes at 4cm pitch, completely surrounds the remaining 4 sides of this rectangular 
cuboid. A resistive divider network interconnects all the field cage tubes, creating a uniform drift field of 
500V/cm. For safe operation of the cryostat, an 8.9% of its volume is filled with argon gas. A perforated 
ground plane is placed above the TPC’s field cage, just below the liquid surface to prevent the high stray 
electric field from the cathode and field cage from entering the argon gas in the ullage space.  
The MicroBooNE TPC design shares many similarities with that of the ICARUS T300 [3]. However, 
many new features of the TPC are introduced to improve its performance. The most distinctive of all, is 
the use of front-end electronics inside the cryostat, directly mounted on the wire frame and submerged in 
the liquid argon [8].  This approach reduces the electronics noise of the system by eliminating the 
capacitance associated with cables interconnecting the wires to the front-end electronics, and taking 
advantage of the much reduced (almost half) thermal noise of CMOS circuits at the liquid argon 
temperature.  To further minimize the electronic noise, the sensing wires (150μm stainless steel 304) are 
plated with a 2μm thick copper to reduce the series noise contribution from the resistance of the sense 
wires.  With a much lower electronic noise floor, the drift distance of the MicroBooNE TPC has been 
increased to 2.6m compared to the 1.5m from ICARUS. 
The three planes of sense wires are denoted as U, V and Y.  The U & V wires are oriented ±60° from 
vertical, and Y wires are vertical.  The wire pitch is 3mm, and so is the wire plane spacing. A grounded 
wire mesh is placed 1cm behind the Y plane to prevent electrons entering from outside of the active 
region. The total number of wires is 8256. Each wire plane has its own bias voltage, such that the 
Fig. 1. The MicroBooNE TPC installed inside its cryostat
1282   B. Yu et al. /  Physics Procedia  37 ( 2012 )  1279 – 1286 
electrons from particle interactions drift completely pass the U & V planes (but nevertheless induce signal 
on the wires, hence called induction planes) and collected on the Y plane (collection plane). The 
minimum bias voltages needed for such a configuration are calculated to be UU=-208V, UV=0V, 
UY=+440V.  Since the collection plane wires give the best dE/dx precision, having the collection wires 
vertical is preferable in an accelerator based neutrino experiment, where most events of interest are 
horizontal. 
Each end of a wire is twisted around a brass ring in a fashion similar to violin strings by automated 
winding machines, see lower left inset in fig.2.  A group of these terminated wires (16 or 32) are installed 
into a pair of wire carrier modules made from printed circuit boards.  Fig.2 shows the design of all flavors 
of wire carrier boards used in MicroBooNE.  Each set of the wire carriers consists of 3 boards: a base, a 
spacer, and a cover.  Both the base and cover have matching cylindrical counter sink pockets machined 
into the boards to trap the brass rings of the terminated wires. As the wires exit the wire carrier boards, a 
set of pins near the edge of the boards align the wires to the correct wire pitch, and also make electrical 
contact to the wires.  Copper traces on the printed circuit boards connect the wires to both the bias power 
supply (through high value resistors) and the output connectors (through capacitors).  These wire carriers 
are installed on adjustable tensioning bars mounted on the wire frame. Once all three layers of wires are 
installed, the tensioning bars are moved outwards to set the proper tension (9.8N nominal) on all wires.  
The front-end readout boards are then plugged directly onto the connectors on the array of wire carrier 
boards.  Fig. 3 illustrates a corner of the TPC with most of the components installed. 
Fig. 2. Design of the wire carriers used in the MicroBooNE TPC.  The inset shows the wire terminations 
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The TPC will be assembled in a clean tent outside of the cryostat.  After the assembly, a cart will be 
placed under the TPC, and move the TPC into the cryostat along tracks inside and outside of the cryostat.  
The cart will be removed after the TPC is correctly installed. 
3. Design of the LAr40 TPC 
The LAr40 reference design detector system, Fig. 4, consists of two cryostats in a single cavern, 
oriented along the beam direction, and located 800 feet underground of the Homestake mine in South 
Dakoda. The TPC in each cryostat has a fiducial mass of 16.3kt (active mass of 20kt).  
Each cryostat is a rectangular vessel measuring 24m in width, 16.0m in height and 49.0m in length, 
and containing a total inventory of 25kt of LAr. It employs a membrane cryostat technology used in 
liquefied natural gas (LNG) shipping, and storage on land and in caverns. The “membrane” is a layer of 
1-2 mm thick stainless steel with corrugation in a regular grid pattern to compensate contraction at 
cryogenic temperature. The membrane is supported by 1m thick rigid foam and other structures to 
Fig. 3. A detailed view at a corner of the MiroBooNE TPC, showing the wire carriers and the front-end readout boards 
Fig.4. The LAr40 detector layout in the underground cavern. Rows of interleaved APAs and CPAs are suspended from the 
cryostat ceiling. 
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transfer the hydrostatic pressure of the liquid argon to the concrete liner of a cavern.  A secondary liner 
and a tertiary vapor barrier ensure leak tightness of the cryostat.  The roof of the cryostat is supported by a 
steel plate and backed by a pre-fabricated steel truss structure. A detail description of the cryostat design 
can be found in ref.[9]. 
The main emphasis of the LAr40 TPC design is to develop a solution that is highly modular, low cost, 
robust, easily installed inside a finished cryostat. The LArTPCs are constructed from modules called 
anode plane assemblies (APAs), cathode plane assemblies (CPAs), and field cage panels. These units are 
of a size optimized so as to simplify their fabrication, testing, transport, and assembly in the detector 
cryostat, and can populate large detector volumes.  All TPC modules are suspended from the cryostat 
ceiling to minimize cross bracing structures, which create dead space, therefore making efficient use of 
liquid argon.  As shown in fig. 4, 4 rows CPAs interleave 3 rows of APAs through the length of the 
cryostat. The distance between the CPAs and the APAs is 3.74m, which defines the drift distance.  On 
each row, there are 18 x 2 modules (APAs or CPAs).  In each cryostat, there are a total of 144 CPAs and 
108 APAs.  Fig. 5 shows a view of the partially assembled TPC.  
The anode plane assemblies are the center pieces of the TPC.  Each APA is constructed from stainless 
steel tubes to form a rigid rectangular frame 7m long, 2.5m wide and 5cm thick. On each anode plane 
assembly, one layer of fine wire mesh and four planes of wires cover each side of the frame as shown in 
fig. 6. These four planes of wires are, along the direction of electron drift: a vertical grid plane (G), two 
induction planes at ±45° nominal angles (U & V), and the final vertical collection plane (X). Each plane 
of wires has its specific bias voltage to guarantee complete electron transmission through the outer three 
wire planes (G, U, V) and complete collection on the X plane. The minimum bias voltages 
are: -665V, -370V, 0V and +820V for the G, U, V & X planes, respectively. On the U, V & X planes, 
each wire is connected to a front-end readout channel. The wires on the grid plane are biased but not read 
out. They form an electrostatic shield to improve the signal strength of the first induction plane and also 
to provide electrostatic discharge protection for the CMOS front end electronics during handling. The 
wire pitch for the vertical G and X planes is 4.5mm, U & V planes is about 5mm. The separation between 
wire planes is 4.8mm. The total number of instrumented wires (channels) in an APA is 2560, making over 
half a million channels total in two detectors.   
Fig. 5 A rendering of a partially assembled TPC showing the key components.   
Mounting rail  
Cathode plane assemblies  
Anode plane assemblies 
Field cage panels  
 B. Yu et al. /  Physics Procedia  37 ( 2012 )  1279 – 1286 1285
As shown in Fig. 6d, the U & V wires are continuously wrapped around the APA frame in a “helical” 
pattern.  Each wire on these planes is sensitive to tracks coming from both sides of the APA, slightly 
complicating track reconstruction.  This disadvantage is outweighed by the fact that this wire arrangement 
allows the placement of readout electronics only on one edge of the APA frame, enables tiling of the 
APAs on the other 3 edges with minimal dead space. The readout electronics are installed in shielded 
enclosures along the top edge of the top APAs, and the bottom edge of the bottom APAs.  They are easily 
accessible during assembly, testing and installation, and completely out of the active volume of the TPC. 
During the APA installation, two APAs are connected along their non-readout narrow edges, forming 
the 14m long APA stack.  The power and data cables for the lower APA are threaded through the hollow 
frames of both APAs to reach the feedthroughs at the top of the cryostat. Every 4 APAs (2 long x 2 deep) 
share a roof nozzle through the cryostat, and a feedthrough flange. Above the feedthrough is a rack of 
power supplies and DAQ modules. 
150 μm hardened Cu-Be wire is chosen due to its strength, good solderability, low resistance, and low 
cost. A 5N nominal wire tension is planned to provide a safety factor of 5 against accidental wire 
breakage. The wires will be mechanically glued with epoxy onto printed circuit boards mounted at all 
four edges of the APA frame. When electrical connections are needed, the wires will be soldered to the 
copper pads on the printed circuit boards.  The boards holding the wrapped wires have machined grooves 
to guide the wires and prevent sharp kink of the wires. Automated winding machines will wrap the wires 
onto the APAs. Figs.6a-c illustrates the 3 key cross sections of the APA frame. To minimize the wire 
sagging/movement of long wires, four sets of wire support structures are in place every 1.4m along the 
length of an APA, making the longest unsupported wire length to about 2m. 
Each cathode plane assembly is also made of a stainless-steel frame of 7m x 2.5m, with a layer of 
stainless steel wire mesh stretched over one side of the frame. To reduce drift-field distortion, all surfaces 
Fig.6. a)-c) Illustrations of 3 main cross sections of an APA; d) The wire wrapping scheme on an APA. 
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that rise significantly above the mesh, including the stainless-steel frame structure on the back side of the 
mesh, are covered with field-shaping electrodes biased at appropriate voltage. 
As in MicroBooNE, a field cage is needed to ensure the uniformity of the drift field between the APAs 
and CPAs.  The entire field cage will again be made from modular panels.  The panels covering the top 
and bottom of the TPC will be 3.7m x 2.5m in size.  Each panel is tiled from smaller copper clad FR4 
sheets, with parallel copper strips machine or etched.  Slots will be machined through the FR4 sheets to 
allow liquid argon flow.  These FR4 sheets will be attached to fiberglass I beams to form the field cage 
panel. One or two panels will be attached to a CPA through hinges at the CPA’s outer edge during 
module assembly.  At the time of TPC installation, each panel will be swung open to reach the anchor 
points on the matching APAs.  
The LAr40 readout electronics share the same analog front-end circuits used in MicroBooNE.  In 
addition, the front-end CMOS ASICs also incorporate ADC, zero-suppression logic, digital buffer on 
each channel, and a multiplexer circuit to transmit the data from 16 wires through a single LVDS channel.  
8 such ASICs reside on the 128 channel front-end board. A secondary multiplexer chip on the front-end 
board further reduces the output channel count to two redundant lines. Each APA has 20 front-end boards.  
Two redundant APA level multiplexer boards transmit the APA data to the DAQ system. In a detector 
system with half a million channels, the highly multiplexed and redundant readout scheme greatly reduces 
the number of cables and cryostat penetrations, which are potential sources of contaminants.  A detailed 
description of the front-end electronics design for LAr40 can be found in ref.[11]. 
4. Summary 
A great deal of progress has been made in the development of large LArTPCs in the recent years.  In 
particular, the R&D on CMOS readout electronics at cryogenic temperature has enabled the designs of 
TPCs with much improved performance, as well as scalability. 
MicroBooNE has obtained U.S. DOE CD2/3a approval towards the final design of the detector system.  
Construction will start in 2012 and commissioning is planned in 2014. 
The LBNE project is preparing for its DOE CD1 review in 2012, and the far site detector technology 
decision at the end of 2011.  If the LAr40 design is chosen, a 1kton scale prototype detector will start 
construction in 2013 to fully validate the LAr40 design.  
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